This paper studies consumption and labor supply in a model where agents have partial insurance and face risk and initial heterogeneity in wages and preferences. Equilibrium allocations and variances and covariances of wages, hours and consumption are solved for analytically. We prove that all parameters of the structural model are identified given panel data on wages and hours, and crosssectional data on consumption. The model is estimated on US data. Second moments involving hours and consumption show that the rise in wage dispersion in the 1970s was effectively insured by households, while the rise in the 1980s was not.
Introduction
How large is idiosyncratic risk for individual workers, and how does it translate into cross-sectional dispersion in hours worked, consumption, and welfare? To answer these questions, we develop a new theoretical framework within which it is possible to follow the microeconomic lives of individual workers, and at the same time to understand how these lives aggregate to generate cross-sectional dispersion in the macroeconomy. In our model, agents face two fundamental sources of risk: shocks to wages and to preferences.
They choose hours worked and risk-free saving. In addition, they have access to insurance against some but not all shocks. Prices and quantities reflect individual optimization and market clearing.
The first result of the paper is that equilibrium allocations for consumption, earnings and hours can be characterized analytically: they are log-linear in three latent random variables -an idiosyncratic preference parameter, and two components of idiosyncratic labor productivity, only one of which is insured in equilibrium. Given allocations in closed form, first and second cross-sectional moments of the equilibrium joint distribution over wages, hours worked, and consumption can be expressed as simple functions of structural model parameters. These moments serve as a powerful lens through which to interpret the equilibrium mapping between preference parameters and the insurability of idiosyncratic risk on the one hand, and the evolution of cross-sectional inequality on the other.
How do we maintain analytical tractability? In the prototypical bond economy with constant relative risk aversion utility and mean reverting income dynamics (Huggett, 1993; Aiyagari, 1994) , agents smooth consumption by adjusting saving inversely with shocks to income. Aggregate dynamics typically depend on the entire equilibrium distribution of wealth, a high dimensional endogenous state variable, which renders the models intractable. When shocks are fully permanent, however, there is an equilibrium in which bonds are not traded (Constantinides and Duffie, 1996) . Their result is the starting point for our framework, but we do not want to buy tractability if the price is an economy in which labor market shocks translate one-for-one into consumption. On the contrary, there is evidence of substantial (but not perfect) risk-sharing among households (Attanasio and Davis, 1996; Blundell, Pistaferri, and Preston, 2008).
We therefore extend the Constantinides-Duffie environment in two ways. First, we focus on wage risk and allow agents to choose labor supply, thereby endogenizing earnings and introducing a margin of response to wage shocks though hours worked. Second, we allow agents to perfectly insure a subset of idiosyncratic risks -through trade in bonds, more sophisticated financial assets, or non-market mechanisms. Intuitively, a model with full insurance against some risks and no insurance against others is tractable for the same reason that models with complete markets or autarky are tractable: in the first case, equilibrium allocations can be characterized without reference to the (nondegenerate) wealth distribution by exploiting the welfare theorems; in the second case, the wealth distribution is degenerate. Because the degree of risk-sharing in our framework lies in between a bond economy and complete markets, the model features "partial insurance." 1 While labor supply and risk-free savings are perhaps the most obvious margins of adjustment to idiosyncratic shocks, we allow for additional insurance to capture myriad other adjustment mechanisms and institutions that spread risks across individuals or over time. Examples include sophisticated financial instruments, government taxation and transfer schemes, and risk-sharing within a range of networks including families, firms and unions. Fully structural incomplete-markets models have been developed that explicitly incorporate a variety of such insurance mechanisms.
2 However, simultaneously incorporating multiple adjustment mechanisms poses obvious numerical challenges. Moreover, if certain channels are not explicitly modeled, one risks exaggerating or underestimating the quantitative importance of the mechanisms that are included, depending on whether they are substitutes for or complements to the mechanisms that are missing. Deaton (1997) suggests an alternative approach: "Although it is possible to examine the mechanisms, the insurance contracts, tithes and transfers, their multiplicity makes it attractive to look directly at the magnitude that is supposed to be smoothed, namely consumption." 3 Our framework combines basic self-insurance in the Bewley tradition (through borrowing/lending and labor supply) with an assumption that insurance-in some form-exists against a fraction of permanent wage risk. In the spirit of Deaton's 3 Deaton (1997, pages 372-374) writes: "Saving is only one of the ways people can protect their consumption against fluctuations in their income. An alternative is to rely on other people, to share risk with friends and kin, with neighbors, or with other anonymous participants through private or government insurance schemes, or through participation in financial markets."
"The problems of implementing such schemes are as obvious as their advantages.. . . As a result, the schemes are more likely to exist among groups of people among whom information is good, where income is difficult to hide, and where behavior can be monitored and influenced by the group." "While it is hard to believe that any of these mechanisms could provide complete insurance for poor households, the very multiplicity of existing mechanisms makes it likely that there is at least partial insurance through financial or social institutions, and that such risk sharing adds to the possibilities for autarkic consumption smoothing through intertemporal transfers of money or goods." ambition, we then quantify the overall extent of risk-sharing, while remaining somewhat agnostic about the specific sources. One indication that a large fraction of permanent innovations to wages is effectively insured is that the increase in dispersion over the life cycle is much larger for earnings than for consumption (Heathcote et al. 2005) .
A second feature of our model that is new to the heterogeneous-agents incompletemarkets literature is that we allow for initial dispersion and life cycle shocks to the relative taste for consumption versus leisure. It is important to incorporate preference heterogeneity because there is strong evidence that some part of cross-sectional dispersion in consumption and hours is unrelated to dispersion in wages. For example, there is substantial variation in hours worked at fixed wage rates (e.g., Abowd and Card, 1989) .
Moreover, over the past forty years there have been substantial changes in the distribution of household composition and in social norms and attitudes regarding gender roles in the workplace. Some of the effects of these changes on inequality in hours and consumption are better modeled as reflecting changes in the cross-sectional distribution of preferences, rather than the distribution of wages.
The return from tractability is a transparency lacking in standard incomplete-markets models. In particular, we obtain theoretical closed-form expressions for second moments of the joint equilibrium distribution of wages, hours, and consumption. These moments by year and cohort can be used to formally prove that we can identify all structural parameters defining preferences and idiosyncratic risk, even when allowing for classical Our final contribution is to apply these qualitative insights on the connection between observable second moments and structural parameters by estimating the model using a minimum distance estimator. 4 It is worth emphasizing that because we solve for the levels of consumption, earnings and hours, we can exploit information contained in the "macro facts"on cross-sectional dispersion in levels that have primarily engaged macroeconomists Estimation is the natural way to quantify the extent of latent dispersion in preferences.
Preference dispersion is an independent source of variation in hours worked, and those who work relatively long hours enjoy relatively high earnings and consumption. We find that preference dispersion accounts for around a third of cross-sectional dispersion in consumption and hours worked and also helps explain the fact that the empirical correlation between consumption and hours is strongly positive.
The rest of the paper is organized as follows. Section 2 develops our framework, derives the equilibrium allocations, and explains how we preserve tractability. In Section 3 we present closed-form expressions for all the equilibrium cross-sectional moments of interest.
Section 4 proves how these cross-sectional moments allow us to identify all the structural parameters of the model. Section 5 describes the data and the estimation algorithm, and discusses and interprets the estimation results. Section 6 concludes the paper and discusses a range of further applications and extensions that maintain tractability.
Model economy
We first describe the model formally. Next, we discuss in detail the key assumptions.
Demographics We adopt the Yaari perpetual youth model: agents are born at age zero and survive from age a to age a+1 with constant probability δ < 1. A new generation with mass (1 − δ) enters the economy at each date t. Thus, the measure of agents of age a is (1 − δ)δ a , and the total population size is unity.
Preferences Lifetime utility for an agent born (i.e., entering the labor market) at time t = b is given by
where the expectation is taken over sequences of shocks defined below. Here c t denotes consumption, and h t is hours worked at time t. Agents discount the future at rate βδ, where β < 1 is the pure discount factor. Period utility is
The parameter γ is the inverse of the intertemporal elasticity of substitution for consumption. The Frisch elasticity of labor supply is equal to 1/σ. The variable ϕ t is a time-varying preference weight that captures the strength of an individual's aversion to work relative to his preference for consumption. 5 We assume that ϕ t follows the unit root
where the innovation χ t is drawn from the distribution F χt with variance v χt at time t.
Agents entering the labor market at age a = 0 in year t draw an initial realization ϕ 0 t from a distribution F ϕ 0 t with cohort-specific variance v ϕ 0 t .
Productivity shocks
The process for individual efficiency units of labor (labor productivity) w t is given (in logs) by the sum of two orthogonal stochastic components:
The α t component follows a random walk:
where the innovation ω t is drawn from the distribution F ωt with variance v ωt at time t.
The second component ε t is itself the sum of two orthogonal random variables:
5 In the utility function ϕ is multiplied by preference parameters. This is an innocuous normalization which simplifies the expressions for equilibrium allocations.
Here θ t is a transitory (independently distributed over time) shock drawn from F θt with variance v θt , and κ t is a permanent component that follows a second unit root process:
where the innovation η t is drawn from the distribution F ηt with variance v ηt .
Agents entering the labor market at age a = 0 in year t draw initial realizations α 0 t and κ 0 t from distributions F α 0 t and F κ 0 t with cohort-specific variances v α 0 t and v κ 0 t . The initial draws ϕ 0 t , α 0 t and κ 0 t are assumed to be independent. 6 Production Production of the final consumption good takes place through a constant returns to scale technology with labor as the only input. The economy-wide goods and labor markets are perfectly competitive. By assumption, individual wages equal individual productivities (units of effective labor per hour worked).
Information Agents are assumed to take as given the sequences of distributions
Thus they have perfect foresight over future wage dynamics.
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Island partitioning The population in the economy is partitioned across islands, or groups. Each period, a continuum of new islands is formed, with each island comprising a continuum of newborn agents who share common sequences {ϕ t , α t } ∞ t=b .
8 Within an island, agents are heterogeneous with respect to the sequences {κ t , θ t } ∞ t=b . Note that there is wage dispersion within islands due to the idiosyncratic component (ε t ), and wage dispersion across islands due to the island-level component (α t ). In contrast, there is no preference heterogeneity within islands.
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Thus, the economy has a continuum of islands, each inhabited by a continuum of agents whose mass shrinks at rate δ as time passes. A law of large numbers (e.g., Uhlig, 1996) can be applied twice so that idiosyncratic individual-level shocks "wash out" within 6 The initial draws (ϕ 0 , α 0 , κ 0 ) could in principle be correlated if, for example, wages at labor market entry depend on schooling and schooling depends on the initial preference parameter, ϕ 0 . In a previous version of the paper we allowed for correlation between α 0 and ϕ 0 , but the estimated correlation coefficient turned out to be insignificantly different from zero. 7 This assumption is not required for tractability. Alternatively, one could assume that the variances of these distributions themselves follow some stochastic process. 8 We segregate individuals across islands by birth year t and fixed effects (ϕ 0 , α 0 ) because this is convenient when it comes to solving for equilibrium allocations: as shown later, when individuals are segregated this way, within-island allocations can be determined using equal-weighted island-level planning problems. We could alternatively envision groups composed by individuals with different birth years and fixed effects, as long as all individuals in a group experience the same sequence {ω t , χ t }. Such an approach would yield exactly the same allocations for consumption and hours. 9 In Section 5.3 we discuss the implications of introducing within-group preference dispersion.
an island, and island-level shocks induce no aggregate uncertainty in the economy as a whole (see Attanasio and Ríos-Rull, 2000, for a similar economy structure).
Market structure At birth, each agent is endowed with zero financial wealth.
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All assets in the economy are in zero net supply. Within each island, there are complete insurance markets. In particular, any agent can purchase insurance contracts at date t that deliver consumption at t + 1 contingent on the realization of their individual shocks s t+1 ≡ (ω t+1 , χ t+1 , η t+1 , θ t+1 ). Profit-maximizing insurance providers operate in markets that are competitive, and segmented by island. As a result, in equilibrium agents can pool the idiosyncratic shocks η t+1 , θ t+1 but not the island-level shocks (ω t+1 , χ t+1 ). Asset trading across islands is exogenously restricted to a risk-free non-contingent bond.
Discussion
With respect to our specification for preferences, some authors have invoked nonsepara- Preference dispersion in the model is intended to capture various sources of heterogeneity and risk which generate cross-sectional variation in hours worked and consumption that is independent of variation in wages. In addition to actual differences in the relative weighting of consumption and leisure across agents, our specification also encompasses, in reduced form, all those factors that create individual-specific wedges in the intratemporal first-order condition. Examples include changes in household composition (and thus economies of scale) affecting the marginal utility of consumption, shocks to the time endowment available for work (such as disability), and variation in effective marginal tax rates on labor income. In the Conclusions, we explain how one could explicitly model both demographic changes and progressive taxation, while retaining tractability.
The evolution of individual efficiency units/wages (w t ) is taken as exogenous by agents.
However, earnings are endogenous because labor supply is a choice variable, so individuals have some control over labor income. The statistical process for wages described above (unit root plus i.i.d. shocks) is quite standard in the literature, and is consistent with the 10 It is straightforward to relax the assumption of zero initial individual financial wealth. The key requirement, as will become clear below, is that average initial wealth on each island is zero. have labeled all individual wage changes in our environment as shocks. However, as will become clear, in the context of our model it is difficult to distinguish between insurable shocks to wages, and changes in wages that are foreseen but not explicitly insurable.
Our model allows for two potential exogenous drivers of the evolution of the joint equilibrium distribution of consumption and labor supply across households. The first is the evolution of the wage distribution, driven by a mix of cohort effects and time effects.
New cohorts enter the economy with cohort-specific dispersion in initial labor productivity, which generates changes over time in the cross-sectional variance of wages for the economy as a whole. At the same time, all agents are subject to life cycle productivity shocks, whose cohort-independent variance changes over time. The second driver of changes in inequality is changes in the distribution of preference heterogeneity. Symmetrically with wages, cross-sectional dispersion in preferences reflects a mix of cohort effects and time effects. When taken to the data, the model is free to assign a large role to wage factors, non wage factors, or both.
The market structure of our economy embeds exogenous restrictions on the set of assets that can be traded, in keeping with the Bewley-Imrohoroglu-Huggett-Aiyagari tradition.
However, instead of restricting the set of assets traded among individuals, we instead restrict the set of assets that can be traded between islands, while allowing for perfect risk-sharing within groups. Our economy can achieve any degree of insurance between a bond economy and a complete markets economy. For v ωt = v χt = 0 the market structure is complete (all islands are alike), while for v ηt = v θt = 0 it becomes a standard bond economy (with a representative agent on each island). In general, it is an economy offering partial insurance against shocks.
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We will show that there is sufficient information in the aggregate cross-sectional joint distribution of wages, hours, and consumption to identify the fraction of productivity 11 Microfounding the asset trading friction is beyond the scope of this paper, where we focus on the empirical content of our environment. One could pursue a microfoundation based on asymmetric information about shocks (e.g., better observability of shocks within a group than outside the group) along the lines of Cole variation that is effectively insured, without exploiting any of the model's predictions for within-island or between-island inequality. As Deaton (1997) emphasizes, examining precisely who shares risks with whom and how is a major empirical challenge. In this light, the fact that we can quantify the scope of overall insurance without having to identify islands in the data constitutes a strength of our framework.
Agent's problem
Let s t = {s b , s b+1 , ...s t } denote the individual history of the shocks for an agent from birth year b up to date t, where 
where realized wealth at node s t = (s t−1 , s t ) is given by
For what follows, it is also useful to define "net" financial wealth for an individual with
, wealth net of the financial income used to finance the gap between current consumption and current earnings.
The problem for an agent entering the labor market at date t is to maximize (1) subject to a sequence of budget constraints of the form (4). In addition to these budget constraints, agents face limits on borrowing that rule out Ponzi schemes, non-negativity constraints on consumption and hours worked, and have zero initial financial wealth.
Competitive equilibrium
Given sequences {F ϕ 0 t , F α 0 t , F κ 0 t ; F χt , F ωt , F ηt , F θt }, a sequential competitive equilibrium is a set of allocations {c a all dates t, all histories s t ∈ S t , and all A ⊆ S such that 1) allocations maximize expected lifetime utility, 2) insurance markets clear island by island, and 3) the economy-wide markets for the final good, labor services, and the non-contingent bond clear.
For what follows, it is convenient to define a set of constants indexed by time and
Here, F a κt denotes the distribution of the cumulated value of κ across agents of age a at date t (i.e., for the cohort born at b = t − a).
We are now ready to state the first theoretical result of the paper, the characterization of equilibrium allocations for consumption, hours, and wealth. 
and net financial wealth is given bŷ
(ii) The prices of the bond and the insurance claims are given by
where F s,t+1 is the joint distribution at t + 1 over (ω, χ, η, θ) and
(iii) In equilibrium, the bond is not traded across islands.
We now sketch the strategy for proving Proposition 1 (see the Appendix for details).
We first assume that there is no bond trade between islands and, hence, zero net savings on each island. Given complete markets within an island, we then apply the first welfare theorem and show that the allocations that solve a static planner's problem (with equal planner weights corresponding to the assumption of equal initial wealth) take the form (5) and (6) . We then show that these allocations can be supported in a decentralized equilibrium by prices of the form (8) and (9), and verify the no-bond-trade conjecture.
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We discuss the intuition for this no-trade result in more detail in the next section.
As is clear from Proposition 1, no distributional assumptions are needed to derive closed-form expressions for the cross-sectional second moments of the joint distribution over wages, hours, and consumption. The absence of an explicit solution for terms involving M a t is no obstacle for the empirical analysis, since they can be modeled through age and time dummies in individual consumption and hours observations. However, a distributional assumption allows us to compute these terms in closed form, further illuminating the nature of equilibrium allocations and prices. , where var
Corollary [normality of shocks] Suppose that
(α 0 t , κ 0 t , ϕ 0 t , ω t , η t , θ t , χ t ) are in- dependently,a t (ε) = v κ 0 ,t−a + a−1 j=0 v η,t−j + v θt is
the variance of the insurable component of the wage within islands of age a in year t. The risk-free bond price is
This entirely closed-form expression for the equilibrium bond price is useful for understanding why our framework is tractable.
Tractability In general, incomplete-market economies do not admit an analytical solution, and numerical methods are required to solve for equilibrium allocations. In our environment, the vector of cumulated values for the shocks (α t , ϕ t , κ t , θ t ), together with the age a of the individual, contains sufficient information to fully describe equilibrium choices. The power of this result lies in the fact that these are all exogenous states. Crucially, individual wealth is not an independent state variable, in that it can be expressed as a function of (α t , ϕ t , κ t , θ t ) and a.
The reason individual wealth can be excluded from the individual state space is twofold. First, within a particular island, markets are effectively complete. Thus withinisland allocations can be computed as the solution to the problem of an island-planner who maximizes island-level welfare subject to an island-level resource constraint. Because agents are endowed with zero initial wealth, the corresponding planner's problem accords all agents equal planner weights. But given these weights, the wealth distribution plays no further role in the planner's welfare maximization problem.
Second, the inter-island wealth distribution does not show up in allocations because, in equilibrium, this distribution remains degenerate at zero. The result that there is no cross-island heterogeneity in desired saving rates is specific to our environment, and can be explained as follows.
First, recall that our individuals have three saving motives: an intertemporal motive
given by the interaction of the degree of patience β and the interest rate, a smoothing motive linked to expected earnings growth, and a precautionary motive reflecting the variance of island-level shocks ω and χ. A key feature of our model is that each of these saving motives applies with equal strength across all islands. The intertemporal motive is the same across islands, because all agents share common discount factor β and face the same economy-wide risk-free interest rate q −1
t . The precautionary motive is also identical, reflecting the assumptions that island-level shocks are multiplicative, permanent and drawn from common distributions F ηt , F ωt , and F χt , that preferences are in the power utility class with respect to both consumption and hours worked, and that all islands start out with zero average wealth. These same features imply a common rate of island-level earnings growth associated with rising dispersion in the insurable component of wages, which in turn ensures that all islands have the same smoothing motive.
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Because the strength of these three saving motives is identical across all islands, there exists an economy-wide interest rate q −1 t at which, in equilibrium, the (negative) intertemporal motive and (negative) smoothing motive exactly offset the (positive) precautionary motive, and no agent wants to either borrow or lend across islands. The closed-form expression for the interest rate derived in the corollary helps us visualize this argument.
Let us begin by taking the limit as σ → ∞ (inelastic labor supply). In the absence of island-level risk (v ω,t+1 = v χ,t+1 = 0), the equilibrium interest rate would satisfy the standard condition for a complete-markets endowment economy, q t = β. In the presence of island-level risk, expression (10) 
where ρ = − log (β) and r t+1 = − log (q t ). The right-hand side captures the precautionary motive for saving, which is proportional to the variance of the island-level productivity and preference shocks with the constant of proportionality defined by the coefficient of relative
The left-hand side measures the intertemporal motive to dis-save, which is proportional to the difference between the rate of time preference and the equilibrium interest rate, with the constant of proportionality defined by the elasticity of intertemporal substitution (1/γ). Here, it is clear that the equilibrium interest rate is such that the two saving motives exactly offset each other.
With elastic labor supply, the expression for the interest rate is somewhat more involved, but the interpretation remains similar. An extra term appears involving life cycle growth in the variance of the insurable component of wages, v η,t+1 + ∆v θ,t+1 . This reflects a motive to borrow given that cumulating insurable productivity shocks imply expected growth in earnings and consumption. In addition, allowing for elastic labor supply changes the constant of proportionality defining the strength of the precautionary motive for saving in the face of uninsurable productivity risk. In particular, if γ > 1 then labor supply is adjusted inversely to shocks to wages in order to smooth earnings. In this case, the higher is the Frisch elasticity of labor supply, the weaker is the precautionary saving motive, since labor supply provides a hedge against risk (Bodie, Merton and Samuelson, 1992, develop similar intuition).
Relation to the literature Our no-inter-island-trade result represents a generalization of Constantinides and Duffie (1996) in several dimensions. First, in our economy some risks are insurable, so that the Constantinides-Duffie no-trade result applies across groups rather than across individuals. This extension is important, because in Constantinides-Duffie the equilibrium entails no risk-sharing at all, whereas our environment allows for insurance within islands/groups. Second, our agents supply labor elastically, so that the process for earnings is endogenous. This is important because, as will shortly become clear, data on hours worked are a rich source of information on the nature of risk and risk-sharing, and endogenizing hours worked allows us to exploit this information alongside information on consumption choices. The third key extension relative to Constantinides-Duffie is that our agents are subject to idiosyncratic preference shocks, in addition to productivity shocks. This is important because we do not want to impose a priori that all cross-sectional dispersion in consumption and hours worked is driven by dispersion in wages.
To our knowledge, it is possible to solve for the equilibrium of incomplete-market economies analytically only in a few other cases. Caballero (1990) shows that with constant absolute risk aversion utility, the precautionary saving motive in a bond economy is constant across all agents, independently of the earnings process. Wang (2003) builds on this result and proves that one can construct an equilibrium in which the risk-free interest rate is low enough that the negative intertemporal saving motive offsets the positive precautionary motive, and all saving is driven by the residual consumption-smoothing motive.
Thus equilibrium consumption ends up following the permanent income hypothesis.
There is also a class of tractable models which consider idiosyncratic risk to human or physical capital. Examples include Benabou (2002) , Krebs (2003) , and Angeletos (2007).
Consumption and hours worked Because markets are complete within islands, while there is no trade between islands, individual-specific shocks are fully insurable, while island-level shocks are not insurable at all. Thus we will refer to (η t , θ t ) as "insurable shocks" and to (ω t , χ t ) as "uninsurable shocks". This stark dichotomy is the key to preserving tractability, while delivering an environment in which the extent of overall insurance is somewhere in between autarky and complete markets. We now interpret the equilibrium allocations for hours worked and consumption described in (5) and (6) .
Hours worked are increasing in the insurable component ε t , and the response of hours to insurable shocks (η t , θ t ) is defined by the Frisch elasticity, 1/σ. This reflects the fact that full insurance with respect to ε t rules out any income effect on hours worked. Uninsurable permanent shocks to α t do have an income effect which is regulated by γ. If γ > 1, the income effect dominates the substitution effect and hours worked decline in response to an increase in α t . If γ < 1, the relative size of the two forces is reversed, and hours worked increase. The impact of the preference parameter ϕ t on hours and consumption is readily interpreted: a stronger relative distaste for work (higher ϕ t ) reduces labor supply.
Individual consumption is independent of ε t , since these shocks can be fully insured in equilibrium. Consumption is equal to the uninsurable component of earnings (wages times hours), which is increasing in the uninsurable component of the wage, α t , and decreasing in the preference parameter ϕ t : stronger distaste for work induces a reduction of hours worked which transmits to earnings and consumption.
By assuming normally distributed shocks, we can further refine the expressions for equilibrium allocations. Substituting the explicit solutions for the dummy variables M a t in the Corollary into eqs. (5) and (6), it is immediate that consumption is increasing in the variance of insurable shocks to labor productivity, while hours are decreasing. The logic for this result is that with endogenous labor supply, greater insurable wage dispersion increases average labor productivity per hour worked, an important consideration for welfare analyses. Note that the expression for individual consumption is not what the permanent income hypothesis would imply. Consumption is still a random walk, but some permanent shocks (innovations η t ) are fully insurable, and thus do not affect consumption. In other words, our consumption allocation exhibits "excess smoothness"İt is precisely this feature of the data that has motivated a large amount of recent research aimed at developing "partial insurance" models that lie in between the bond economy and complete markets (e.g., Krueger and Perri, 2006; Attanasio and Pavoni, 2007) .
Insurability versus predictability Two important remarks are in order with respect to insurability. First, our characterization of equilibrium assumes that all withinisland risk-sharing arises from explicit markets and state-contingent financial income flows, while in reality agents have access to a large range of different smoothing mechanisms, as we discussed in the Introduction. One could support the same allocations for consumption and hours through a variety of market and non-market insurance mechanisms (e.g., government redistribution, within-family insurance) as long as these mechanisms deliver within-island interpersonal transfers exactly equal, state by state, to the difference between individual earnings and individual consumption.
Second, as is often emphasized in the literature (e.g., Cunha, Heckman and Navarro,
2005; Guvenen and Smith, 2008), it is very challenging, in general, to distinguish between insurability and predictability. This is true in our model as well. Consider the following variation on the environment described above. Suppose that there are no insurance instruments explicitly indexed to η t or θ t on the island, just a non-state-contingent bond with a loose borrowing limit. Suppose also that the statistical representation for the wage process is unchanged, but that from the perspective of individual agents (not the econometrician) all future innovations (η t , θ t ) are perfectly foreseen. In this alternative environment, agents will use the bond to perfectly smooth consumption in the face of forecastable wage changes η t and θ t . The elasticities of consumption and labor supply to each of the shocks (ω t , χ t , η t , θ t ) will be identical to those in the baseline model. Rather than imposing additional structure to try to differentiate between insurable shocks and uninsurable but foreseen fluctuations, we will simply use the label "insurable shocks" as a catch-all for what in reality is likely to be a mix of both.
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Indeterminacy of financial wealth These two considerations have important consequences for the determination of the "true" equilibrium distribution of financial wealth. Whether within-island risk sharing is achieved through market or non-market mechanisms has obvious implications for financial wealth: if all risk-sharing were achieved though non-market mechanisms, the wealth distribution would remain degenerate at zero.
Moreover, switching from the "insurable" interpretation to the "predictable" interpretation would also change wealth allocations. In both cases, individual wealth following history s t = {s τ } t τ =b is equal to the difference between the expected present value of lifetime consumption and the expected present value of lifetime earnings. The difference is that under the insurable view, these expectations are conditional on s t (eq. (7)), while under the predictable view, expectations would be conditional on both s t and the sequences of known future innovations {η τ , θ τ } ∞ τ =t+1 . While equilibrium wealth depends on the details of how agents smooth wage shocks, the efficient responses of consumption and labor supply do not. This is why we focus on the model's predictions for the joint dynamics of wages, consumption, and hours worked, rather than its predictions for wealth.
Equilibrium cross-sectional moments
With allocations in hand, we can derive closed-form expressions for cross-sectional moments of the joint equilibrium distribution of wages, hours, and consumption. These theoretical moment expressions provide a transparent framework for interpreting the dynamics of their empirical counterparts over time and over the life cycle.
Measurement error The first step toward making the model operational is recognizing that measurement error is pervasive in micro data. We allow consumption, earnings and hours worked to be measured with error. Since we compute hourly wages as earnings divided by hours, measurement error in hourly wages contains errors in both earnings and hours. We assume measurement error µ x t for variable x is classical, i.e., i.i.d. over time and across agents, has mean zero and variance v µx . Let logx t = log x t + µ x t denote the log of the measured (with error) value for x.
If we abstract from the age/time dummies M a t in the allocations (this same treatment will be applied to observations for wages, hours, and consumption in the data), then the measured individual log allocations at time t are given by
Let ∆ log x t ≡ log x t − log x t−1 denote the observed individual growth rate for variable
x. From the above expressions, individual changes in measured log allocations can be expressed as
Moments in closed form
We now use eqs. (11)- (16) to derive expressions for the unconditional second moments (variances and covariances) of the equilibrium joint distribution of wages, hours, and consumption. These expressions are closed-form functions of structural preference, risk, and measurement error parameters. We start from the moments in levels, which we call the "macro moments"and then move to the variances and covariances of first differences, which we will refer to as the "micro moments." 
The variance of measured wages is simply the sum of variances of all the orthogonal productivity components, plus the variances of measurement error in earnings and hours.
The variance of hours has four components. First, the larger is heterogeneity in the taste for leisure, var a t (ϕ), the larger is cross-sectional variation in hours. Second, the variance of the uninsurable shock translates into hours dispersion proportionately to the distance between γ and one. As γ approaches one (the log-consumption case), uninsurable shocks have no effect on hours. Third, the variance of the insurable shocks increases hours dispersion in proportion to the Frisch elasticity (squared). Finally, measurement error in hours contributes positively to observed dispersion.
The covariance between wages and hours has three components. The effect of uninsurable wage shocks on this covariance depends on the value for the curvature parameter, γ.
If γ > 1, then uninsurable shocks decrease the wage-hours covariance, since strong income effects induce low (uninsured) wage workers to work longer hours. Insurable shocks, by contrast, always induce positive co-movement between hours and wages. Measurement error in hours reduces the observed covariance between wages (earnings divided by hours) and hours.
Covariances involving earnings can be obtained as linear combinations of the three moments above.
We now turn to the moments involving consumption:
The variance of consumption is increasing in the variance of uninsurable preference heterogeneity and uninsurable wage shocks, as expected. Note the role of labor supply: if γ > 1, then a lower σ (higher Frisch) translates into lower consumption dispersion for a given var a t (α), because labor supply dampens the impact of uninsurable wage shocks on earnings.
The covariance between hours and consumption is increasing in the degree of preference heterogeneity since individuals with higher values for ϕ work relatively few hours, and thus earn and consume relatively less. The effect of uninsurable wage risk depends on the value of γ: when γ > 1, a positive uninsurable shock reduces hours worked but increases consumption.
The covariance between consumption and wages is only affected by uninsurable wage shocks: fluctuations in uninsurable productivity affect both wages and consumption in the same direction. Finally, note that neither of the two covariances involving consumption are affected by insurable wage shocks or by measurement error. This is a useful property for proving identification.
Dispersion in the entire cross section Since we have filtered out differences in mean values for allocations across age groups, the expressions for dispersion in the entire cross section are identical to those above, but without the age a superscripts. 16 Thus, for example,
where 
Note, first, that none of these moments involve measurement error, reflecting our assumption that the variance of measurement error is independent of age and time. Second, note that because all shocks in our economy are either permanent or i.i.d., all these moments are independent of age.
The rise in wage inequality over the life cycle is determined by the variance of the innovations to the permanent insurable and uninsurable components, and by the change in the variance of the transitory insurable component. Wage dispersion will increase over the life cycle as permanent shocks cumulate. The model suggests that the variance of hours should be increasing over the life cycle for the same reasons as wages, though with different weights on the insurable and uninsurable permanent variances. In the log-consumption utility case, only the former matters for hours.
Whether the covariance between wages and hours rises or falls over the life cycle depends on the value for risk aversion and the relative size of permanent and transitory innovations. When γ > 1, the cumulation of permanent uninsurable shocks pushes the covariance down as individuals age, while the cumulation of permanent insurable shocks pulls it up.
The change in the variance of consumption over the life cycle is determined by the variances of uninsurable productivity and preference shocks. The uninsurable-wage-shock multiplier for consumption, (1 + σ) 2 / (σ + γ) 2 , is exactly one either in the log case or in the case of inelastic labor supply, i.e., σ → ∞.
When γ > 1, hours move up in response to a negative uninsurable wage shock, while consumption moves down, driving the consumption-hours covariance down over the life cycle as var a t (α) rises with age. Preference shocks work in the opposite direction: as var a t (ϕ) rises over the life cycle, the covariance between hours and consumption is driven up. The model predicts that the covariance between consumption and wages will increase over the life cycle, in proportion to var a t (α). Expressions for growth in overall cross-sectional dispersion follow naturally from those above: for variable x,
The first term in this expression reflects the change in cross-sectional dispersion within the set of agents that survive from t − 1 to t. The second term reflects the change in cross-sectional dispersion as new entrants (with age a = 0) replace the mass 1 − δ of agents who die off.
Micro moments These moments are computed as variances and covariances of individual changes in log wages and log hours between t − 1 and t. 17 Let var a t (∆ logx) denote the cross-sectional variance of logx a t − logx a−1 t−1 for the set of individuals of age a at date t for whom variable x is observed at both t − 1 and t:
Note that, once again, none of these moments depend on age a. Thus the model implies that the variances and covariances of individual growth rates should be invariant to age and thus common across cohorts.
Identification
This section exploits the closed-form solutions for cross-sectional second moments to describe conditions under which one can prove identification of the structural parameters.
The conditions for identification depend on data availability and on the parametric restrictions one is willing to make. Our baseline scenario (Proposition 2 below) is the model described in Section 2 under the assumption that one has access to an unbalanced panel on wages and hours (e.g., PSID) and a repeated cross section on consumption (e.g., CEX), both supplying data for the time interval t = 1, ..., T .
Proposition 2 [identification] Suppose one has access to an unbalanced panel on
wages and hours and a repeated cross section on wages, hours, and consumption from t = 1, .., T . Then, the parameters {σ, γ, v µh , v µy , v µc } as well as the sequences
, and {v ηt } See the Appendix for the proof.
We now turn to alternative scenarios which reflect the limitations of current survey data for the United States. We first assume that one only has access to cross-sectional data on consumption, hours, and earnings. Next, we assume that the consumption cross section begins later than the wage/hours panel. Finally, we prove identification when only one cohort of panel data on wages and hours is available, along with cross-sectional data on consumption. These three cases would be relevant if one were to estimate the model using, respectively, (i) only CEX data, (ii) the entire available time series for the PSID and the CEX, (iii) the NLSY and the CEX. 
Estimation
We begin by describing the PSID and CEX samples used for the estimation. Next, we outline the details of the minimum distance estimator. We then report the parameter estimates, discuss the fit in various dimensions, and present variance decompositions over time and over the life cycle. Finally, we perform a robustness analysis on various aspects of the sample and the model.
Data
Our data are drawn from two data sets, the Michigan Panel Study of Income Dynamics (PSID), and the Consumer Expenditure Survey (CEX). Our PSID and CEX samples are those constructed by Heathcote, Perri and Violante (2009). Since these datasets are widely used, we refer to that paper for a detailed description of these two surveys, sampling methodology, and variable definitions.
We use the 1968-1997 waves of the PSID to build an unbalanced panel with information on demographic characteristics, individual annual hours, and annual earnings. The PSID asks questions about earnings in the previous year, so our data refer to the period 1967-1996. 18 Since we only use the SRC sample, we do not use sample weights.
The CEX contains detailed information on nondurable and durable household consumption, as well as on demographic characteristics of household members, individual earnings, and hours worked. We focus on the quarterly Interview Survey, and we only retain households for which we have a complete set of quarterly interviews, so that we can aggregate consumption to an annual frequency in line with data on earnings and hours worked. 19 Our baseline measure of consumption includes expenditures on nondurables, services, small durables, and an estimate of the service flow from vehicles and housing.
Consistent and continuous data over time are available only since 1980, hence we restrict attention to the 1980-1996 cross sections and use weights provided in the survey.
Since we use both the PSID and CEX data jointly, it is important that we apply the same sample selection criteria across the two datasets. We first drop seriously incomplete or implausible observations. 20 We use an imputation procedure to adjust for top-coding based on the Pareto distribution. We then select households in which the head is between the ages of 25 and 59, and works at least 260 hours in the year. In both datasets, the hourly wage is computed as annual pre-tax labor earnings divided by annual hours worked. 21 To avoid severe selection issues, we use wages and hours for males only. We 18 PSID surveys became biannual after 1997. Exploring this more recent data would require appropriately modifying the identification scheme.
19 See Attanasio, Battistin and Ichimura (2007) for a study that uses both the Diary and the Interview Surveys. The former is better designed to capture frequently purchased items (such as food, beverages, and personal care items), while the latter aims to provide comprehensive information on up to 95% of the typical household's consumption expenditures. 20 We drop records if 1) there is no information on age for either the head or the spouse, 2) either the head or spouse has positive labor income but zero annual hours, and 3) either the head or spouse has an hourly wage less than half of the corresponding federal minimum wage in that year. In the CEX, we drop households which report implausibly low quarterly consumption expenditures (less than $100, in 2000 dollars). In order to reduce measurement error, we also exclude CEX households flagged as "incomplete income reporters." 21 Labor earnings are defined in both surveys as the sum of all income from wages, salaries, commissions, do not equivalize any variables. All monetary variables are deflated using the Consumer Price Index (CPI).
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Because our model is not designed to address variation in first moments, we regress individual log wages, hours, and consumption (the former two in both datasets, the latter only in the CEX) on year dummies, and on a quartic in age. 23 We then use the residuals from these regressions to construct variances and covariances in levels and first-differences for all available age/year cells constructed by grouping observations in any given year into 31 age classes: "age" 27 (25-29), "age" 28 (26) (27) (28) (29) (30) , and so on until "age" 57 (55-59). 24 
Estimation method
The structural estimation of the model uses the minimum distance estimator introduced by Chamberlain (1984) , which minimizes a weighted squared sum of the differences between each moment in the model and its data counterpart.
The structural parameters to be estimated in the model are preference parameters {γ, σ}, variances of measurement error {v µh , v µy , v µc } , and the sequences of variances
, where T = 30 is the length of the PSID sample, and T * = 17 is the length of the CEX sample.
As discussed in Section 4, certain parameter values are not identified at the end points of our sample period. Thus we make two additional identifying assumptions that allow us to estimate every parameter. First, we assume that prior to year t = 1 (1967) all parameter values were constant and equal to their values in 1967. Given this assumption, we can immediately construct theoretical expressions for all moments in levels and first differences for all t = 1, ..., T. Moreover, this assumption also identifies (v ω1 , v η1 , v χ1 ), the variances for the permanent shocks in 1967. 25 Second, we assume v θT = v θ,T −1 , which bonuses, and overtime, and the labor part of self-employment income. Table 1 , for a summary of the dropped observations at each step of sample selection, and their Table 2 for a comparison of basic demographic and labor market statistics across the two datasets. In short, we find that they are broadly consistent, and also line up very closely with analogous statistics computed from the much larger March Current Population Survey. 23 Recall that controlling for age effects in the individual wage, hours, and consumption allocations is consistent with the way we constructed equilibrium cross-sectional (co-) variances in Section 3. 24 The only reason to group observations into five-year age groups is to reduce sampling variation: the number of observations in some single-age, single-year cells is very small. 25 For example, under this convenient assumption:
then identifies v ηT and v κ 0 ,T (see steps 2 and 3 in the proof of Proposition 2).
One last issue to discuss is that around 1992 (survey year 1993), the first year of computer-assisted telephone interviewing in the PSID, earnings and hours appear unusually volatile. This short-lived surge in volatility has been widely attributed to a temporary increase in measurement error. To account for this, we simply assume that the variance of measurement error in earnings and hours in 1992 is twice as large as in other years.
In the baseline estimation, we use J = 6, 981 moment conditions, corresponding to 31 age groups over 30 years for the three moments in levels involving wages and hours, 31 age groups over 17 years for the three moments in levels involving consumption, and Our estimator solves the following minimization problem:
where W is a (J × J) weighting matrix. Standard asymptotic theory implies that the estimator Λ is consistent and asymptotically normal. Due to the small sample size, we make two choices. First, in the baseline estimation we use an identity matrix for W, but we also report results for the case in which W is a diagonal matrix with entries corresponding to the number of observations used for each of the J moments. 26 Second, instead of asymptotic standard errors, we compute 90-10 confidence intervals through a block-bootstrap procedure based on 600 replications. 27 
Results
We begin by discussing the parameter estimates. We then analyze the fit of the model along the time series and life cycle dimensions. In both cases, we perform variance decompositions to study the determinants of inequality over the life cycle and over time. 26 The bulk of the literature follows this strategy, in light of the Monte Carlo simulations of Altonji and Segal (1996) who argue that in common applications there is a substantial small sample bias when using the optimal weighting matrix characterized by Chamberlain.
27 Bootstrap samples are drawn at the household level with each sample containing the same number of observations as the original sample. The implied confidence intervals thus account for arbitrary serial correlation, heteroskedasticity, and estimation error induced by the first-stage regression of individual observations on age and time.
Parameter estimates Table 1 reports parameter estimates and bootstrapped 90-10 confidence intervals. For our two key preference parameters, we estimate γ = 2.02 and σ = 2.62. In both cases the confidence intervals are narrow. In the context of the set of moments we use to estimate the model, the key feature of the parameter γ is that it determines the wealth effect on labor supply associated with uninsurable shocks to wages. Thus moments involving the covariance between (changes in) wages and hours are informative about the true value for γ. In a similar spirit, Chetty (2006) argues that existing empirical evidence on the response of hours to permanent shocks to wages can be used to bound estimates for risk aversion. An advantage of our fully structural approach is that we can identify γ in an environment with a mix of uninsurable and insurable permanent wage shocks, even though these are associated with very different labor supply responses (see eq. 16). 28 The implied Frisch elasticity of labor supply given our estimate for σ is 0.38, a value that is consistent with the microeconomic evidence for males (see e.g. Browning et al., 1999) . Our estimate for the variance of measurement error in log hours is 0.036, while we find virtually no measurement error in earnings. The estimated variance of measurement error in log consumption is 0.033. Table 1 reports average estimated values for the time-varying parameters. 29 The top left panel of Figure 1 shows the cross-sectional variance of the uninsurable component of Overall, the relative contribution of the insurable component of wage 28 The intertemporal elasticity of substitution implied by our estimate for γ, 0.5, is within the standard range of existing estimates. 29 See Table 4 in the Appendix for the complete year-by-year set of parameter estimates, and associated confidence intervals. 30 This interpretation is consistent with Heathcote et al. (2008a) who, in the context of an augmented version of the standard incomplete-markets model, show that skill-biased demand shifts are the main driver of the rise in consumption inequality. at the time of labor market entry (the dotted line labeled "cohort") with the remainder reflecting the cumulation of subsequent permanent shocks. 31 The decomposition indicates that the dynamics of both uninsurable and insurable wage dispersion are largely driven by shocks received during the life cycle. Put differently, even though initial heterogeneity in labor productivity is large, differences across adjacent cohorts are small and induce only slow movements in cross-sectional wage dispersion.
Cross-sectional dispersion in preferences (bottom right panel) is small relative to dispersion in wages, but it shows a constant and slow increase. Contrary to wages, rising dispersion in preferences reflects pre-existing heterogeneity rather than subsequent shocks.
One potential explanation for the prominent role of cohort effects is the secular trend away from the traditional married household, and toward greater variation in household composition and the gender division of market work.
Variance decomposition One attractive feature of our cross-sectional moment expressions is that they are all additively separable in terms capturing the roles of preference dispersion, insurable wage dispersion, uninsurable wage dispersion, and measurement error. Thus (co-)variance decompositions are unique and easy to compute given parameter 31 In the earlier part of the sample, the decomposition between the contributions of initial dispersion versus subsequent shocks is somewhat sensitive to the identifying assumptions we make regarding the parameters that define the wage process prior to 1967.
estimates. In Table 2 , we report the average contribution of each component across the entire 1967-2006 period: in the next section, we discuss changes in dispersion over time.
Wage dispersion is roughly equal parts insurable and uninsurable in nature, with a small additional role for measurement error. The effect of differential comovement between hours and wages for insurable versus uninsurable shocks shows up clearly in the variance decomposition for earnings: relative to the variance of wages, endogenous labor supply doubles the variance of the insurable component, and reduces the variance of the uninsurable component by a third.
Preference heterogeneity matters for both hours and consumption dispersion: preference heterogeneity accounts for almost half of the variance of hours worked, and one-third of the variance of consumption. Measurement error also plays a large role, accounting for one-third of the observed variance of hours, and one-fifth the variance of consumption.
We conclude that there is no unique answer to the question: What determines measured inequality among households? The answer depends on the variable of interest: for hours it's mostly preference heterogeneity and measurement error, for wages and earnings it's productivity shocks, while for consumption it's a mix of all these factors.
Time series fit Before discussing the model fit in the time dimension, we briefly describe the evolution of cross-sectional inequality in the data.
32 Figure 2 indicates that the variance of log male wages increases steadily by around ten log points between the late 1960s and early 1990s, with an acceleration in the 1980s. Over the same period there is a much smaller increase in the variance of male hours-around two log points. The correlation between log wages and log hours rises quite dramatically in the first part of the sample, approaching zero from negative values. These facts combined imply that the increase in the variance of log earnings is larger than the increase in the variance of log wages. The variance of log consumption grows by only about five log points between 1980 and 1996, in line with earlier estimates by Krueger and Perri (2006) . The correlation between wages and consumption is positive and increases slightly over time. The correlation between hours and consumption is around 0.2 and relatively stable.
These features of the data underlie the parameter estimates in Table 1 and Figure 1 , and given these estimates the model in turn replicates the data very closely.
As is clear from Figure 2 , to match the sharp widening of the wage distribution, the model requires a large increase in the variance of either the insurable or the uninsurable 32 When plotting unconditional moments by year in Figure 2 , we average across all age groups within each year. In both model and data we weight successive age groups by survival probabilities δ = 1−(1/35) to account for mortality. Thus both model and data exhibit the same stationary age distribution. 90-10 confidence intervals based on bootstrapped samples are plotted around the time series. component of wages. Before 1980, CEX data are not available, and thus it is primarily wage and labor supply data which convey information on structural parameters. Over the first half of the sample, we see a sharp rise in the wage-hours correlation, and a modest increase in the variance of hours. The model fits both data patterns through a sharp growth in the insurable wage component, and a relatively small Frisch elasticity (high σ) which mutes the impact of insurable shocks on hours dispersion.
The model also replicates the observed average negative correlation between hours and wages, even though insurable wage dispersion, dominant over this period, induces a positive correlation. Examining eq. (19) suggests two main factors at work in the model. The main reason why the increase in the variance of consumption is small relative to the increase in uninsurable wage dispersion is that the estimated value for γ implies that some portion of uninsurable changes in relative wages show up in changes in relative leisure rather than consumption. In particular, given γ = 2.02 and σ = 2.62, eq. (20) indicates that each log point increase in the variance of the uninsurable component of wages translates into a 0.6 log point increase in the variance of consumption.
The correlation between consumption and hours is informative about the role of preference dispersion. This correlation is positive in the data, while uninsurable wage dispersion tends to induce a negative correlation when γ > 1 (see eq. 21). The model replicates the observed positive correlation thanks to preference heterogeneity: households that place relatively more weight on consumption in utility work longer hours and consume more.
Larger uninsurable wage shocks tend to drive the consumption-hours correlation down over time. To offset this force and replicate the roughly flat pattern for the correlation in the data, the estimation calls for a rising time profile for preference dispersion.
Finally, the model can be used to infer the path for consumption inequality in the Figure 4 ) who, notwithstanding data comparability issues, use CEX data pre-1980 in order to construct a longer series for U.S. consumption dispersion. Table 3 describes the total predicted changes between 1967 and 2006 for a set of variances and covariances, and decomposes these changes into components attributable to changes in insurable wage dispersion, uninsurable wage dispersion, and preference dispersion. The variance of measurement error is assumed constant over time (except for the 1992 dummy), and thus contributes nothing to changes in cross-sectional dispersion.
The table indicates that two-thirds of the overall increase in cross-sectional wage dispersion was insurable in nature. As explained above, both labor supply data (namely, the strong growth in the wage-hours correlation), and consumption data (namely, the modest rise in the variance of log consumption) point in this direction.
Interestingly, roughly two-thirds of the predicted increases in the variances of hours and consumption are attributed to a rise in preference dispersion, and changes in preference dispersion are also the main driver of predicted changes in the covariance between hours and consumption. Therefore, the model indicates that non-wage factors played a significant role in explaining the dynamics of cross-sectional inequality in the United
States over the period under study.
Life cycle fit Figure 3 compares the evolution of model and data in the life cycle dimension. 34 In the data, the variance of log wages increases by twenty-one log points, 34 These plots are constructed by averaging across cohorts for each age, using only data for the 1980-approximately linearly, between ages 27 and 57. The variance of log hours has a slight U-shape, while the correlation between hours and wages declines modestly. The variance of log consumption grows by about seven log points over the life cycle. As emphasized in Heathcote et al. (2005) , this number represents a much smaller increase than previously reported in the pioneering work of Deaton and Paxson (1994).
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The model is able to match the large life cycle rise in wage dispersion and, simultaneously, the small rise in consumption dispersion thanks to the fact that most permanent shocks are insurable (though even uninsurable shocks do not completely pass through to consumption because they are partially smoothed via labor supply).
Equation (25) shows that inequality in hours worked will typically increase over the life cycle in the model, as shocks cumulate. However, the overall increase turns out to be small, since γ is not too far from one (so increasing uninsurable wage dispersion has little impact on hours), and the Frisch elasticity is low (so the effect of rising insurable dispersion is also small).
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From equation (26) one can see that the model can predict both positive and negative trends for the correlation between hours and wages over the life cycle, depending on the relative size of insurable and uninsurable innovations to productivity, as well as on the value for γ. In the estimation, the two effects roughly offset, so the model predicts a roughly constant correlation, while in the data this moment has a small downward trend.
The correlation between consumption and wages grows both in the model and in the data, by roughly the same amount. However, the model generates a declining pattern for the consumption-hours correlation while this correlation is hump-shaped in the data.
The cumulation of permanent uninsurable shocks over the life cycle drives this dynamic (see Table 3 ) with preference shocks playing a modest offsetting role.
These life cycle facts are central to understanding how the estimation assigns crosssectional dispersion to initial heterogeneity (at age 27) versus subsequent life cycle shocks. Table 3 indicates that the evolution of dispersion over the life cycle is primarily driven by shocks to labor productivity, with preference shocks playing in a minor role. This is 2006 period. This ensures comparability across the life cycle profiles based on CEX data and those from the PSID. The decomposition in Table 3 is based on model estimates corresponding to the same period. 35 Deaton and Paxson (1994, Figure 8 ) report an increase in the variance of log consumption of almost twenty log points between ages 25 and 55. One reason is that their study covers the period 1980-1990, precisely when the bulk of the rise in cross-sectional dispersion is concentrated, while our sample covers a longer time period.
36 Within a self-insurance model, Kaplan (2006) can generate the observed decline in the variance of hours at the beginning of the life cycle. This is due to 1) age effects in the transitory component of wages which are decreasing at younger ages, and (2) a non-degenerate distribution of initial wealth which increases the variance of hours for younger agents.
consistent with the estimation results indicating that the bulk of cross-sectional preference dispersion is pre-determined at age 27. Intuitively, permanent life cycle shocks to preferences must be relatively small, since otherwise the model would deliver counterfactually large life cycle increases in dispersion in consumption and hours worked. At the same time, substantial initial heterogeneity in preferences is required to match the levels of inequality in hours, consumption, and the hours-consumption correlation.
Fit in first-differences Figure 4 documents moments in first-differences, both over time (top panels) and over the life cycle (bottom panels). Over time, the variance of changes in log wages shows a slow but continuous rise over the entire sample period, with a peak in the early 1990s. This moment is matched almost perfectly by the model, since it plays a key role in identifying the variance of the transitory insurable shock θ t . The variance of growth in hours is quite flat, except for a spike in the early 1990s.
The measurement error dummy for 1992 allows us to match the spike in the variance of wage and hours growth in the early 1990s, and the dip around the same time in the correlation between wage growth and hours growth. By virtue of our assumption that measurement error doubled in the first year of the new methodology, the model mirrors these movements.
The correlation between growth in wages and growth in hours increases in the data between 1967 and 1990, a trend that is broadly replicated by the model. As discussed above, this rising correlation reflects an increase over time in the relative share of wage fluctuations that can be insured.
Over the life cycle, the model predicts that the (co-)variances of all growth rates should be constant across age groups. This prediction is in line with the empirical variance of wage growth and the covariance between wage and hours growth, but not the variance of growth in hours declines until around age forty. The model replicates the average variance for wage growth, but under-predicts the observed levels for the variance of hours growth, and the covariance between hours growth and wage growth. We discuss this shortcoming of the model in the next section.
Robustness Exploring alternative specifications sheds more light on the mapping between model ingredients and parameter values on the one hand, and the large set of targeted empirical cross-sectional moments on the other.
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First, we consider an alternative measure for consumption, which excludes durables. This measure of consumption exhibits slightly higher variance than our baseline mea- 37 Table 5 in the Appendix shows how parameter estimates vary across the set of alternative models we consider.
sure, but a lower covariance with wages. The estimation routine then imputes more consumption dispersion to measurement error, and less to initial dispersion in the uninsurable component of wages. Less uninsurable wage dispersion in turn points to a higher estimate for γ (2.32 rather than 2.02) to replicate the observed wage-hour covariance, which improves the fit for the correlation between wages and hours over the life cycle by generating a small decline, as observed in the data.
Second, we consider a version of the model in which the variances of initial dispersion for wages and preferences are assumed time-invariant. This has a negligible impact on any of the preference or measurement error parameter estimates. While this model assumes, counter-factually, that dispersion among labor market entrants is time-invariant, the fit for the evolution of aggregate cross-sectional dispersion over time remains good.
Third, we estimate the model without using any moments in first-differences. Recall from the corollary that without moments in first-differences we cannot decompose the overall variance of insurable wage dispersion into permanent and transitory components, but all other model parameters are still identified. Reassuringly, estimates for these other parameters are little changed relative to the baseline model. Fifth, we consider more restricted models for preference variation. Assuming no life cycle preference shocks has relatively little impact, which is not surprising given that these shocks are estimated to be small in the baseline model. Assuming no initial preference heterogeneity forces the model to try to replicate the observed cross-sectional dispersion in consumption and hours through a mixture of more measurement error, and a higher Frisch elasticity (0.58). The main failure of this restricted model is that it is unable to generate a positive consumption-hours correlation, a key feature of the data.
Finally, we tried a model with no transitory shocks to wages. Not surprisingly, this model does poorly in terms of replicating moments in first differences (notwithstanding a higher estimate for the variance of measurement error in earnings). However, all other parameters are little changed, and the fit for moments in levels remains very good. This finding reflects the fact that in the context of our model, what is important for cross-sectional moments is not whether shocks to wages or permanent or transitory, but whether they are insurable or uninsurable.
Concluding Remarks
This paper has laid out a new theoretical framework to study consumption and labor supply in the presence of idiosyncratic risk to wages and preferences. A distinguishing feature of the model is that it can be solved analytically. Tractability is achieved by extending the environment of Constantinides and Duffie (1996) to incorporate endogenous labor supply, insurable wage risk, and preference heterogeneity. The model allows for any degree of risk-sharing between a bond economy and complete markets.
The framework delivers closed-form expressions for the equilibrium cross-sectional variances and covariances of the joint distribution of wages, hours, and consumption. These expressions make the link between structural parameters and observed inequality transparent, permit a formal proof of identification, and facilitate estimation of rich dynamic models for the structure of wages and preferences.
The model implies unique decompositions of cross-sectional inequality into components attributable to insurable and uninsurable wage dispersion, preference dispersion, and measurement error. Wage and preference dispersion, in turn, reflect a mix of permanent heterogeneity and life cycle shocks.
One insight from the moment expressions is that labor supply contains useful information on the extent of insurance available to households. This complements evidence from consumption, the typical focus of the literature (e.g., Blundell and Preston, 1998). We find that moments involving both hours and consumption paint a coherent picture: over the 1970s and 1990s, the increase in wage risk was insurable for US households, while in the 1980s it was largely uninsurable. Non-wage factors, which we capture through preference heterogeneity, also contributed to rising inequality in hours and consumption.
The model outlined in Section 2 incorporates the essential ingredients for the main application of the paper: a study of the factors determining the evolution of US inequality over time and over the life cycle. The same model can address other issues. First, assuming lognormal shocks, one can obtain closed-form solutions for the welfare implications of idiosyncratic wage risk. In a greatly simplified version of our setup, Heathcote et al. (2008b) show that rising insurable risk can be welfare improving given flexible labor supply. Second, the allocations can be used to derive closed-form expression for the transmission coefficients of permanent wage and earnings fluctuations to consumption growth, providing a structural interpretation for the estimates in Blundell et al. (2008) .
In the baseline framework, we have chosen to remain agnostic about the mechanisms that deliver partial insurance against wage risk, and about the underlying sources of preference dispersion. The model can be generalized to shed more light on these issues by explicitly modeling families and taxation, without compromising tractability.
It is straightforward to reinterpret equilibrium allocations from the baseline model as arising in the context of a model of families. In particular, if family members belong to the same island, and family utility is separable between public consumption and each member's labor supply, then one of the mechanisms which deliver within-island insurance is risk-sharing within the family (Hayashi, Altonji, and Kotlikoff, 1996) . Dispersion and fluctuations in household composition are an obvious source of preference heterogeneity and risk. Modeling these explicitly would require including a measure of household size as an extra state variable for the household, defining a corresponding stochastic process, and introducing an equivalence scale for household consumption.
Our framework can also be extended to incorporate progressive taxation and government redistribution. Following Benabou (2002), we can introduce a balanced-budget progressive tax/transfer system, where after-tax labor earnings y are given by y = (wh) 1−τ y τ , where τ is the average marginal tax rate (weighted by income), andȳ is average labor earnings. Explicitly modeling government redistribution this way has several payoffs.
First, we can show that progressive taxation changes the response of labor supply to insurable wage shocks, and thus the interpretation of the estimated Frisch elasticity. Second, by estimating τ we can explicitly quantify the role of progressive taxation as an insurance mechanism. Third, we can pursue a closed-form welfare analysis of progressive taxation.
Finally, even though in the baseline framework we have abstracted from aggregate risk, we can easily introduce economy-wide fluctuations and link idiosyncratic risk to the aggregate state. The framework remains analytically tractable. In particular, let the source of aggregate fluctuations be shocks to productivity (the average wage per efficiency unit of labor). Follow Constantinides and Duffie (1996) by assuming conditional heteroskedasticity of the four shocks modeled as v jt = α j + β j Z t , where j ∈ {ω, η, θ, χ}.
The framework still yields analytical expressions for aggregate allocations and asset prices.
This extended set-up can be used to study the link between idiosyncratic fluctuations and aggregate business cycles, the welfare costs of business cycles, and asset pricing. Table 4 for the corresponding 90-10 bootstrapped confidence intervals. where λ t is the multiplier on the resource constraint at date t. Combining the two conditions gives
Note that from the first-order conditions, c a t (s t ) is the same for all agents on the island, and as such it cannot depend on κ t or θ t . Using this fact, and substituting (34) as in step 2 of the main proof. Given values for (σ, γ), equations (24)- (26) Notes: (1) baseline model (see Table 1 ), (2) consumption definition excludes durables, (3) constant v α 0 , v κ 0 , v ϕ 0 , (4) no moments in first-differences (NI = not identified), (5) includes transitory preference shocks (set v µy = 0.01), (6) no initial preference dispersion, v ϕ 0 = 0, (7) no life-cycle preference shocks, v χ = 0, (8) no transitory wage shocks, v θ = 0, (9) baseline model with weights proportional to number of observations.
